New results in the field of the automaton of the aerospace flight control system design are presented in this paper. The concept of a universal program for research of dynamic properties, calculation of comprehensive mathematical models, and simulation of the flight motion and synthesis of smart control laws for different types of the flexible aerospace constructions (launchers and missiles) is considered. The special attention to creation of mathematical models of different physical phenomenon of aerospace vehicles is given. The basis of the program is the structure, which allows carrying out of the analysis of dynamic characteristics, simulation, and visual information representation. The software package is supplied with the library of program modules. These modules are designed on the base of mathematical models of separate vehicle elements and different physical effects, such as flexibility, sloshing, sluggishness of engines, local angle of attack values, etc. Selection of different sets of the mathematical models and program modules allows investigating different constructions for known and prospective vehicles. The interface of the program enables changing parameters of the vehicle in a wide range, to simulate flight at any trajectory and to output results of the analysis in a digital or graphical form. For synthesis of control laws, provides the usage of the smart control approach.
INTRODUCTION 1
The mass and aerodynamic characteristics of flying vehicles can be considerably varied during their motion. From the point of view of control theory the aerospace craft represents a typical non-linear and non-steady controlled plant. Designers of vehicles aim to create maximum light designs. This process results in deformation of vehicl e during the flight and development of the vehicles' elastic properties. Elastic longitudinal and lateral oscillations of the composite shape arise. Frequencies of these oscillations are variable during the flight. Elastic vibrations are usually described by partial derivative equations or ordinary differential equations of high order. Deformations of a body result in development of local attack and slide angles. The aroused local forces and moments of forces are synchronized with variations of local angles. These mechanisms cause the additional oscillations of a body or damping of elastic vibrations. Oscillations of fuel and oxidizing agent in tanks cause the development of forces and moments concerning all three axes of a vehicle (Kolesnikov, 1980) . Sophisticated construction of modern vehicles results in necessity to separate the process of vehicles design into several stages. 1 
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The program allows inputting constructive parameters of the vehicle, including the linear dimensions of a body, parameters of the engine, the sizes and arrangement of tanks with fuel and oxidant, aerodynamic coefficients, distribution functions of pressure and mass along the vehicle centerline. On the initial stage of vehicle motion analysis the simplest models are used and the vehicle is supposed as an absolutely rigid body. Since most vehicles are unstable, direct modeling does not allow obtaining full data about dynamical properties of vehicles. For this reason the suggested software provides the possibility to calculate the indirect characteristics of controllability and stability at each instant of flight. The program enables calculation of transfer functions for each instant of flight. It is possible to lower the order of transfer functions by excluding such factors as sloshing, flexibility and other submodels. The program is able to evaluate the roots of characteristic equations, and to plot the responses in time and frequency domains.
A discrete model of flexible vehicle, represented as a beam with linearly varying cross sectional properties, is used. The mass, stiffness and damping matrices calculated by a discretization technique correspond to the hypothetical vehicle with given distribution of linear parameters. It is possible to justify the choice of sampling interval. Local load is evaluated with the account of distributed aerodynamics forces, which depend on a local angle of attack, local airspeed and linear aerodynamics coefficients. Stochastic wind distortions are taken into account. Mathematical model for sloshing of a free surface of liquids in tanks is presented.
The program allows estimating the flexible motion for all points along the vehicle for each flight instant. This flexible motion is determined by three functions of time t and coordinate x along the vehicle: displacement of the elastic line from the longitudinal neutral axis, and the first and second order x-derivatives of this displacement. Outcomes of modeling are presented as three-dimensional animations of vehicle motion and charts of functions of t and x.
At the first design stage the vehicle is investigated as a variable mass solid body (Blakelock, 1967; McConnel, 1995) . The problem of rational aerodynamic vehicle mounting and needed efficiency of control system actuators is solved at the first stage. It is treated a problem of motion stabilization of vehicle as a rigid body. Methods of aerodynamics, flight dynamics, automatic control, and also specialized and universal programs, such as MATLAB are usually used.
Elasticity of a vehicle and oscillation of liquid in tanks are taken into account at a following design stage. Local forces and the moments of forces such as functions of time and coordinates along a centerline of a vehicle are calculated. Analytical and semi-graphical methods of calculation at this stage give only approximated outcomes (Hughes, 1987; Kohsetsu, 1997) . Special programs, for example, ANSYS, NASTRAN, Coventor, Structural Dynamics Toolbox for use with MATLAB, etc are designed to research the elastic systems. However, these programs do not address many issues that appear in flight vehicle design. The purpose of this paper is to present the specialized software package for designing different types of vehicles.
DESCRIPTION OF THE PROGRAM
The block diagram of control system of a flexible vehicle is shown in Fig. 1 . All these parameters are input into the program in numerical or graphical form. "Simple" nonlinear model of rigid vehicle is calculated at the first design stage. Usually vehicles are unstable. For this reason it is necessary to design simple control system without filters for suppression of aeroelastic oscillations. Simple model of vehicle and simple control system is used only for primary simulation. Prescribed program trajectory may be arbitrary and complex. Results of this simulation are saved in memory and used as nominal trajectory for linearization. Aeroelastic, sloshing and other affects are proposed to give small increments for vehicle motion on vehicle designing stage. For this reason it is possible to use linear models of mentioned effects. If the increments will be large, the vehicle will likely break up and construction or control system must be changed. Results of design and simulation can be saved in database and/or output in graphical 3-D or 2-D postprocessor.
SOLID DYNAMICS
The rigid part of mathematical model of aerospace vehicle is allocated into a separate block, in which the system of nonlinear differential equations of vehicle spatial motion is integrated. These equations in vector form in body-axes can be written as
These equations express the motions of a rigid body relatively to an inertial reference frame. Here V is velocity vector at the center of gravity (c.g.), ( ) The mass m and thrust T are the functions of time. Fig. 3 and  4 show calculated values (square marked) and spline approximation of these functions for testing example.
Fig.3. Functions m(t) for three-stage testing example
The input action to this sub-system is the part of the local load, which does not cause the deflection, but results in propulsive and rotational motion without the deformation. 
The result of this calculation it is possible to see in Fig. 7, 8 . 
MODELS OF LOCAL EXTERNAL ACTIONS
All distributed and local loads are stochastic processes in wide band of frequencies. The in-depth physical description of these processes is very complex. Process of formation, development and vortex break-down depends rather complex also on the shape of object, its angular orientation, elastic deformations of a body, a velocity and an altitude of flight. The main influence on elastic oscillations is made by lowfrequency external forces in frequency band from zero up to frequencies of second and third harmonics. The main synchronizing factor of a vortex break-down and appearance of external forces is atmosphere turbulence.
Even at a constant value of an object velocity in the atmosphere the vortexes are formed. These vortexes generate complex and time-varying pattern of local loads distribution on a surface of object. At high speed of flight in separate parts of vehicle there are local peaks of pressure. For their modeling it is important to define the zones of applying the large local loads and their varying in time. Usually these zones are arranged close to the transitions from conical surface to cylindrical one or in places of joints of surfaces of different more complex forms. Designers of vehicles usually aim to avoid such roughness, but it is not possible to remove them completely. Models for the description of the most typical factors, leading to local loads, are described here. Such factors are: a constant lateral wind with taking into account vortex generation, vortex generation in the field of joining of the nose cone and the cylinder, vortex generation in places of joints of separable stages, effect of vortexes in the area of stabilizing fin.
As an example the scheme of formation of the equivalent disturbance W e is shown in Fig.9 at action of a steady wind in view of vortex generation. The following notations are used: In the blocks Subsystem and Subsystem1 the forming filters are located.
Fig.9. Formation of the equivalent disturbance of vortex
The resulting equation, on the base of which the equivalent disturbance formation is performed at a steady wind action is following: Parameters of insensitive zones of the functions F1 and F2 (Fig.9) definite the frequency of a vortex abruption and connected with it appearance of pressure increasing or decreasing at the local zone. Large local loads appear near the places of particular constructive elements connection. Usually these places correspond to the bound of conic and cylindrical surface and places of connection of different diameter cylinders. Vortex streams are formed a bit further of the places of connection of the details in the direction of the stream. Vortex intensity and its abruption frequency mainly depend from flight conditions. The equation, which allows taking into account the results of calculations and the results of the experiment.
At the surface of stabilizer the local loads usually have high intensity and may cause large flexible deformations. The equation for the description of local disturbances on the stabilizer is:
For model example the graph of varying in time the normalized value W stab is shown in Fig.10 . 
where ) (t q is the deflection of elastic line from the longitudinal axis; Δ is the symmetrical inverse of stiffness matrix; M is the diagonal the mass matrix; Ξ is the symmetrical structural damping matrix; f is distributed load.
Equations which are used for simulation of flexible motion are given in (A.I. Panferov, A.V. Nebylov, S.A. Brodsky, 2009; Mishin, V.P 1990 ).
In Fig. 11 Bend of vehicle is artificially magnified for visualization purposes. fig.13a the flexible oscillations for vehicle without controller is shown. Fig.13b displays the result of decreasing only the first mode and in fig.13с -the first and second modes. Suspension of these oscillations is fulfilled by the controller in which estimations of the frequencies of the first and second modes are used. One of the possible approaches to the synthesis of such algorithm was described in (A.I. Panferov, A.V. Nebylov, S.A. Brodsky, 2009 ). 
